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==========================

The management of spinal tuberculosis has evolved through various eras of management, from drugs alone, radical surgery combined with drugs, to the current era of drug treatment in majority of patients with surgery limited to those with specific indications.[@ref1] Surgery is indicated in presence of complications such as failure of treatment, significant or worsening neurological deficit, kyphosis, and abscess.[@ref2][@ref3] Modern antituberculous drugs have accelerated the rate and quality of recovery and have minimized the incidence of mortality, complications, and relapse.[@ref4][@ref5] Depending on the combination and number of drugs, duration of treatment, and frequency of drug administration, there are a number of treatment regimens available.[@ref6]--[@ref9]

Despite the availability of effective drugs, the outcome of treatment was unpredictable and had little epidemiological impact on the incidence of tuberculosis, mainly due to noncompliance with treatment.[@ref10] Noncompliance resulted in the treatment failure, emergence of drug resistance, and spread of disease. At present, World Health Organization recommends Directly Observed Treatment Short Course (DOTS regimen) for all cases of both pulmonary and extrapulmonary tuberculosis.[@ref11] The DOTS strategy is based on intermittent drug intake and short-course therapy, and it also includes tenets such as political commitment, good management practices, and the direct observation of doses to ensure compliance. To date, DOTS remains the keystone of global efforts at tuberculosis control.[@ref12][@ref13] However, there are no published data on the effectiveness of DOTS regimen in spinal tuberculosis.

This study assesses the effectiveness of DOTS regimen in spinal tuberculosis, the frequency and type of side effects, and the effect of the regimen in the various stages of the disease.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

Fourty nine consecutive cases of spinal tuberculosis were treated with DOTS regimen from June 2004 to January 2007. A case of spinal tuberculosis was diagnosed in the presence of the following criteria:

The clinical features like persistent localized back pain, constitutional symptoms such as loss of weight, loss of appetite and evening rise of temperature, physical signs like localized tenderness, reduced range of movement, cold abscess, spinal deformity, and laboratory findings like raised erythrocyte sedimentation rate (ESR) and raised C reactive protein.

The X-ray features include regional osteopenia, fussy disc margins reduction/obliteration of the disc space, loss of anterior vertebral body height and kyphotic deformity with paravertebral shadow \[[Figure 1](#F1){ref-type="fig"}\]. CT was undertaken when a CT-guided biopsy was taken.

![(a) X-ray lumbar spine lateral view at presentation showing narrowing of L3/4 disc space with end plate erosion. (b and c) T2W MRI mid sagittal and coronal views showing hyperintense/contrast enhancement suggestive of edema/inflammation involving bodies of L 1, L 2, L 3 with end plate irregularities and disc space narrowing at L 2 L 3. There is hyper intense/contrast enhanced para vertebral abscess/soft tissue component extending from L1to L 3 level. The para spinal muscles are edematous (d) the same patient after 9months of DOTS showing healing with bony fusion](IJOrtho-46-138-g001){#F1}

Positive bacteriological findings by either culture or positive real-time polymerase chain reaction (RTPCR) for *Mycobacterium tuberculosis* in the aspirated sample from the lesion.

Patients above the age of 15 years with histopathological evidence of spinal TB or strong clinicoradiological evidence of tuberculosis with no gross muscle weakness (MRC grade 3 or more) or severe kyphosis with a minimum followup of 2 years was included in the study. Patients who ceased treatment before 6 months or those in whom surgical decompressions were done or human immunodeficiency virus (HIV) positive were excluded.

Patients who were suspected to have spinal tuberculosis were investigated by blood investigations, X-rays, Magnetic Resonance Imaging, percutaneous CT-guided needle biopsy for culture, histopathology, and RTPCR for *M. tuberculosis* as required. X-ray and Magnetic Resonance Imaging findings were noted. All patients were screened for HIV and were found to be negative. Every effort was made to get tissue diagnosis. Of the 49 patients, CT-guided tissue sample was taken for biopsy, culture and RT-PCR in 40 patients, 32 patients had histopathological or bacteriological confirmation, and eight had inconclusive evidence such as scanty aspirate or blood only. All patients were given DOTS therapy after liver function tests (LFT) and an ophthalmological evaluation. All the drugs were given free of cost and drug quality was assured by the concerned health bodies under Revised National Tuberculosis Control Programme (RNTCP) of Government of India. Patients were treated as inpatients during the initial 2 to 3 days of treatment, in order to watch for any adverse drug reaction. Once the patient was tolerating the treatment well, patients were discharged and sent to the nearest DOTS provider. Patients who were ambulatory at the time of diagnosis were kept ambulatory during treatment with spinal brace, with restriction of heavy and load-bearing activities. All patients with spinal tuberculosis were treated by Category I DOTS regimen used for seriously ill extrapulmonary disease. This consisted of four drugs (INH, Rifampicin, Ethambutol, and Pyrazinamide) administered under direct observation by a trained personnel, three times a week for two months, followed by two drugs (INH and Rifampicin), thrice weekly for seven months or until regression of symptoms along with laboratory and radiological signs of resolution, whichever was later.[@ref14] Laboratory signs of healing include return of ESR to normal and correction of lymphocytosis. Radiological signs of healing includes, return to normal bone density and sclerosis and reduction in paravertebral soft tissue shadow in X-ray, and regression of pathological soft tissue swelling on magnetic resonance imaging.[@ref15] Compliance was ensured using frequent field visits, random checking, quality assessment protocols, and modern management principles by RNTCP personnel.

Patients were asked to come for followup to our department every month for two months and then once in two months till the treatment is completed. During each followup visit, physical and neurologic examination findings were recorded, complete blood counts with ESR and LFT were monitored and followup X-rays were taken. Ophthalmology consultation was done at the beginning of treatment and on first followup to rule out optic neuropathy due to Ethambutol. If there was no positive response in clinical, radiological, and laboratory parameters after 12-16 weeks of treatment or if there is worsening during this period, then patients were suspected to be clinically resistant to first-line antituberculous drugs or having compressive lesion and were subjected to anterior decompression and instrumentation along with AFB culture and sensitivity of the specimen. If found to be resistant to primary-line drugs, additional drugs were started, as per DOTS protocol, consisting of Streptomycin + Isonicotinyl Hydrazine + Rifampicin + Ethambutol + Pyrazinamide + Moxifloxacin + cycloserine, pending culture and sensitivity results.[@ref16] Second line drugs for drug-resistant tuberculosis include Kanamycin, Ciprofloxacin, Sparfloxacin, Ethionamide, etc.[@ref17] However, none of the patients in this study was found to have drug resistance.

In case of drug intolerance like persistent allergic rash, rising increase in liver enzyme levels drug therapy was altered as per the advice of the pulmonologist, this was done by stopping all the drugs for 2 to 3 days, then introducing one drug at a time over the next 10 to 15 days while keeping the patient admitted and monitoring the patient clinically and by LFT. If the neurological deficit progressed, the patients were subjected for a surgical decompression. On completion of 9 months of anti tuberculous therapy (ATT), if the patient is relieved of pain and other symptoms, ESR was back to normal, and imaging studies showed signs of healing, then treatment was stopped. Patients were followed up once in every three months after successful completion of ATT. Final outcome was graded so that there was a minimum of 2-year followup. So, there was at least 12-to 15-month gap after completion of ATT when outcome was assessed.

However, if the patient is having persistent pain, elevated ESR, progression of neurological deficit, increase in size of the abscess, or progression of kyphosis, the treatment was continued and surgical intervention by anterior decompression and instrumentation was done.

Outcome measures {#sec2-1}
----------------

In patients with neurological deficits, neurological grading based on the MRC grading was assessed in detail. A radiological staging of the disease was done based on the [Table 1](#T1){ref-type="table"}.[@ref5]

###### 

Staging of TB spine

![](IJOrtho-46-138-g002)

The radiological assessment was done by four independent observers (two radiologists and two orthopedic surgeons) in order to avoid bias.

While grading the final outcome, the following criteria were taken into consideration:[@ref15]

Clinical evidence of healing evaluated by relief of symptoms, marked reduction in pain, increase in physical endurance,[@ref18] and decreased ESR.Radiological signs of healing by means of X-ray, i.e., cessation of bone destruction, appearance of the normal trabecular pattern, correction of osteopenia, bone block or bony ankylosis, and regression in the size of the abscess were assessed \[[Figure 2](#F2){ref-type="fig"}\].[@ref14]Completion of DOTS therapy without fail for at least 9 months.Frequency and nature of adverse drug reactions.Severe progression of kyphosis (\>30 degree from beginning the treatment) at affected level at the end of treatment/severe side effects that forced to discontinue treatment.Failure of treatment by nine months, like patient having persistent pain, elevated ESR, progression of neurological deficit, increase in size of the abscess, or progression of kyphosis, necessitating continuation beyond 9 months/addition of drugs.Failure of nonoperative treatment and/or progression of neurological deficit requiring surgical intervention.

![Sequential series of X-rays in a 50year old female with thoracolumbar TB (a) at presentation, (b) at 4months and at 10months, (c) showing the destruction of the joint space and erosion of the endplates initially followed by bony fusion and bone block formation by around 9 months of DOTS. This patient had an atypical sclerotic appearance, however the diagnosis was confirmed by a CT guided biopsy](IJOrtho-46-138-g003){#F2}

On this basis, results were classified into the following four groups:[@ref14]

Excellent result: Complete resolution of disease with DOTS regimen for 9 months, with no residual disability or deformity and absent or minor adverse drug reactions.

Good result: Complete resolution of disease with DOTS regimen for 9 months with no residual disability or deformity and with the occurrence of medically manageable side effects of drug therapy, such as gastrointestinal intolerance, drug-induced jaundice, etc.

Fair result: Complete resolution of disease, but with a post-treatment kyphosis deformity of 30 degrees or more at the affected level or the patients had to be shifted to second line drugs, or patients who are having mild residual pain which is however not limiting their physical activity.

Poor result: Cases that did not respond to conservative treatment, primary or secondary line, had a deteriorating neurological deficit and had to be operated.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

Forty nine consecutive patients with spinal tuberculosis were treated by DOTS. Of them, 41 patients satisfied the inclusion criteria and were included in the study. Eight were excluded due to, lost of followup (*n*=3), expired (*n*=2) and discontinuation of ATT (*n*=3) by patients, one during the treatment due to myocardial infarction unrelated to the treatment and the other one after successful completion of the treatment due to unrelated cause. There were 22 males and 19 females with an average age of 41.1 years (range 15 to 72 years). Most of the patients (22%, *n*=9) belonged to the 21 to 30 years age group. 87.8% (*n*=36) of the patients presented with localized backache. Motor weakness was seen in 29.3% (*n*=12) of the cases. The mean duration of the symptoms was 3.2 months (SD = 5.29) with a maximum of 2 years and a minimum of 2 weeks. The average ESR at the beginning of the treatment was 91.1 (SD = 18.07) with a maximum ESR of 120 and a minimum of 44. The fall in ESR was not so marked in the initial 1 month but it fell steeply in the next few months and stabilized by around 4 to 6 months.

The thoracic spine was involved in 29.3% (*n*=12), thoracolumbar junction in 24.4% (*n*=10), the lumbar and sacral vertebrae involved in 46.3% (*n*=19). Eight patients (19.5%) showed magnetic resonance imaging changes suggestive of predestructive lesion. However, the majority 43.9% (*n*=18) were in the early destructive phase. Twelve patients (29.3%) showed mild angular kyphosis with 2 to 3 vertebral involvement. Three patients (7.3%) had moderate angular kyphosis with \>3 vertebral involvement. None had severe kyphosis. The angle of kyphosis ranged from 12° to 34°. The mean angle of progression of kyphosis at the site was less than 8° at the site of kyphosis. Only one patient had progression to greater than 40°; however, there was no neurological deficit. Five patients were found to have psoas abscess. Four of the abscesses regressed at 4th month without any intervention. One patient had the abscess drained in the third month. However, continued short-course chemotherapy was successful in this patient.

48.7% (*n*=20) of the patients had adverse drug reactions like nausea, skin rashes, and abdominal discomfort but only one of them was severe enough to warrant change of drug. 12.2% (*n*=5) of the patients had gastric disturbances like vomiting and abdominal discomfort, which was relieved by antacids and H2 antagonists. Another 12.2% (*n*=5) had marginally elevated liver enzymes, of which only one patient was symptomatic (2.5%). 7.3% (*n*=3) had arthralgias. Another 7.3% (*n*=3) of patients had generalized itching which gradually subsided. One patient developed severe hypersensitivity to pyrazinamide and had to be substituted with second line drugs as per the pulmonologist\'s advice.

63.4% (*n*=26) of the patients had excellent results. 14.6% (*n*=6) of the patients had good results. Another 14.6% (*n*=6) had fair results. Three patients had poor results forming 7.3% of the study group. Of the three with poor results, two patients had no improvement even after further 2 months of intermittent short-course chemotherapy and had to undergo surgical decompression after which they improved with the continuation of DOTS regimen. The third patient was a 58-year-old male with T11/12 spinal tuberculosis with grade III power in lower limbs, whose neural deficit improved on non operative treatment; however, he did not have complete symptomatic relief at 9 months. Continuation of DOTS for another 3 months leads to clinical improvement. The results depending on the stage of disease are given in [Table 2](#T2){ref-type="table"}. There was no significant difference between the outcomes depending on the different level of involvement. The clinical outcome was irrespective of the number of vertebral involvement or the level of involvement. After creating a 2 × 2 table with predestructive and early destructive groups as early presenters and the rest as late presenters, and also combining excellent and good as favorable outcome and fair and poor as unfavorable response, a Fishers 2-tailed exact test was done \[[Table 3](#T3){ref-type="table"}\].
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Outcome of DOTS in various stages of spinal tuberculosis
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###### 

2 × 2 tables for outcome depending on stage of the disease
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The two-tailed *P* value equals 0.0031. The association between the groups and outcome is considered to be vary statistically significant. Patients diagnosed in the predestructive stage had excellent results in 87.5% of the cases, whereas in early destructive phase, it decreased to about 72.2%, in mild angular kyphosis to 50%, and none in the moderate angular kyphosis. None of our cases had severe angular kyphosis. The *P* value equals 0.0031, which implies that there is a significant association between stage of the disease at the time of the treatment and the outcome.

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

The effectiveness of DOTS regimen in pulmonary and nonskeletal forms of extrapulmonary tuberculosis is well established.[@ref19] But its role in spinal tuberculosis is not yet established.

Antituberculous chemotherapy is very effective in a compliant patient. The failure of treatment and emergence of drug resistance is due to non compliance which can only be overcome by establishing a human bond between the patient and the provider through DOT. In the developing world, evidence from uncontrolled studies shows that the introduction of DOTS has increased completion of therapy and cure rates from 25--50% (with unsupervised treatment) to 80--90%, with relapse rates of less than 5%.[@ref20][@ref21] The daily regimen has shown 7% of hepatotoxicity and about 46% of severe arthralgias,[@ref22] the incidence of these side effects with DOTS intermittent short-course chemotherapy in this study was hepatotoxicity in less than 2.5% and arthralgia in 7.3% only, and intermittent therapy is as effective as daily therapy.[@ref23]--[@ref25]

*In vitro* studies have shown that drugs given thrice a week were as effective as those given daily.[@ref24] These experiments demonstrate that when a culture of *M. tuberculosis* is exposed to a single dose of antituberculosis drugs, there is a delay of several days (24-48 hrs)---the so-called "lag period"---before renewed growth of the bacteria occurs. All antituberculosis drugs, with the exception of Thioacetazone, exhibit this lag phenomenon and are therefore suitable for intermittent administration. Studies at Tuberculosis Research Centre (TRC), Chennai, India, have shown that twice-weekly regimen was as effective as the daily-unsupervised regimen.[@ref26][@ref27] This forms the rationale of the usage of the thrice weekly regimens recommended in the RNTCP. Hence, intermittent regimen has the advantage of being less toxic, less costly[@ref28] requiring fewer visits by patients, and is logistically more feasible.

Despite all the above mentioned advantages of DOTS regimen, many orthopedic surgeons continue to give daily regimens. This is basically due to the fact that the efficacy of short-course intermittent therapy like DOTS regimen is not scientifically proven.

Recommendations for surgery in cases with neurological deficit remains ill defined. Nussbaum *et al*. stated that "No patient with neurological deficit recovered or stabilized with non-operative management."[@ref29] Moon, on the other hand, recommended that only advanced neurological deficit, such as paraplegia, is a surgical indication in this disease.[@ref3] In this study, surgical indications were based on the study conducted by Nene and Bhojraj,[@ref14] where presentations with paraplegia, gross motor weakness (MRC Grade 2 or less), or neurologic deterioration while on treatment were absolute indications for surgical intervention. In our series, 12 patients presented with varying motor deficits, and 10 of these recovered completely with medical treatment alone, without the need for surgical decompression. When the outcome was compared with the short-course regimen given in that study, there was no significant difference in the outcome suggesting the comparable efficacy of the intermittent regimen vs daily regimen.[@ref14] It is evident from the above data that earlier the initiation of the treatment, the better is the result. If the treatment is started during the predestructive or early destructive stages, the results are excellent or good; however, in the later stages of kyphosis with involvement of more vertebrae, the results start becoming fair or poor. The destroyed tissues can never attain the pre-disease level once they are destroyed; this explains the better results in those patients treated in the early stages of the disease. This is in accordance with the study conducted at TRC in 1997 by Rajeshwari *et al*. which showed the significance of early detection of cases in obtaining better results.[@ref23]

Limitation of the study is that sample size is small, most of the cases were in the early stages of tuberculosis and only a small number of cases had moderate disease hence it is unclear whether DOTS is useful in advanced stages of disease. Another limitation is that patients with significant neurologic deficit or deformity were excluded from the study.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

DOTS strategy is as effective as short-course daily regimen in early stages of disease. Clinical outcome of treatment depends on the amount of destruction at the commencement of chemotherapy, with excellent results in the predestructive and early destructive phases of disease.
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